The normal density of eosinophils in the digestive mucosa of children has been rarely addressed despite being important to provide baseline counts for the diagnosis of eosinophilic gastrointestinal disorders (EGID). Histopathological criteria for EGID remain undefined and there has been little consistency of results in different populations. We aimed to establish the eosinophil density of the normal digestive mucosa in a paediatric population submitted to endoscopic procedures with normal histological features. Biopsies from endoscopies of 33 patients were evaluated. Quantification of eosinophils was performed manually. Review of the pathology reports confirmed absence of abnormality in the biopsy specimens. Counts were expressed in eosinophils per high power field and per mm 2 . Oesophagus (n = 33): eosinophils were uniformly absent in all biopsies. Stomach: counting was performed, separately, in the superficial and deep lamina propria of the fundus (n = 13), corpus (n = 13) and antrum (n = 16). Mean eosinophilic density was higher in the deep lamina propria. Small intestine: eosinophil counts revealed 18.1 ± 17.0, 14.4 ± 12.0, and 51.5 ± 35.3 in the lamina propria of the bulb (n = 13), D2 (n = 13), and ileum (n = 16), respectively. Large intestine: the highest peak count was observed in the caecum (125 mm 2 ; n = 16) with a mean of 51.8 ± 33.5. The eosinophil counts were lower in the ascending (n = 16; 40.9 ± 27.4), transverse (n = 14; 34.3 ± 21.9), descending (n = 15; 40.0 ± 26.6), and sigmoid (n = 17; 25.8 ± 17.8) colon and in the rectum (n = 17; 13.9 ± 10.1). These data provide a baseline count and distribution of eosinophils in the gastrointestinal tract of paediatric patients with normal mucosa, thus expanding the scarce published data.
Introduction
The importance of eosinophilic gastrointestinal disorders (EGIDs) has been increasing over the past two decades [1] [2] [3] [4] . Collins defined EGIDs as diseases that characteristically exhibit excessive numbers of eosinophils, in normal and abnormal locations, in one or more gastrointestinal (GI) segments [4] . Eosinophils normally reside in the GI tract [5] , so its mere presence does not postulate a diagnosis of EGID. In contrast, these cells are normally absent in the oesophagus. The presence of 15 eosinophils per high power field (HPF), accepted as the minimum number required for the diagnosis of eosinophilic oesophagitis (EoE), has been used to define EoE histologically [6] . Other forms of EGIDs remain with undefined histological criteria. This illustrates the need to further evaluate the normal density of eosinophils in the digestive mucosa. Until now, only a few studies [7] [8] [9] [10] aimed at defining reference values in children. This is important to provide baseline counts as a reference for the diagnosis of EGID. Given the small number of studies, the consistency of results in different populations was never fully evaluated.
We aimed to establish the eosinophil density of the normal digestive mucosa in a paediatric population submitted to endoscopic procedures. We evaluated endoscopic biopsies from each segment of the GI tract of children without organic pathology based on histological and endoscopic reports. These data provide a baseline count and distribution of eosinophils in the GI tract of paediatric patients with normal histological features and provide an additional contribution to evaluate children with suspected EGID.
Methods

Enrolment
The paediatric population included in this study was retrospectively identified and selected from the hospital database (SClinico). It consisted of patients that underwent endoscopic procedures in the diagnostic work-up for suspected disease. To be eligible: (1) the final pathology report described normal mucosa in all evaluated segments and (2) the final clinical diagnosis could not involve organic GI disease associated with abnormal density of eosinophils (for example: inflammatory bowel disease). Based on these criteria, 33 patients were selected for this analysis. Patients diagnosed with functional gastrointestinal disorders (FGIDs) were not excluded but analysed separately as defined below. The absence of histological abnormality was confirmed by review of the final pathology report and reassessment of the slides by a senior pathologist (FC). Coeliac disease was excluded by review of the pathological and serological data recorded at the time of the clinical work-up. Moreover, the endoscopy reports were evaluated to verify the absence of mucosal disease at the time of the endoscopy. Importantly, all gastric biopsies, from the selected patients, were free of Helicobacter pylori organisms and no parasites were detected in all evaluated biopsies.
All biopsies were included to access the mean density of eosinophils in each GI segment. The cases were then divided in two groups to evaluate differences in the mean density of eosinophils. The first group included patients diagnosed with FGIDs (n = 21) and the second included patients in whom exclusion of GI pathology (EGIP) was achieved (n = 12). The last group included patients with GI symptoms who underwent endoscopy but did not have a diagnosis of any GI disease after the clinical work-up. Clinical data such as age, gender, primary reason for endoscopy, and the final diagnosis were recorded and are presented in Table 1 .
This study was approved by the Ethic Committee for Health (CES-238/17) of Centro Hospitalar São João, Porto, Portugal, and Medical School of Porto, Portugal.
Tissue samples
Biopsies from endoscopies of 33 patients performed at Centro Hospitalar São João, Porto, Portugal, were included in this study. Selected patients had been submitted to upper gastrointestinal endoscopy (n = 15), lower gastrointestinal endoscopy (n = 15), or both (n = 3). The endoscopic procedures included multiple biopsies of various segments of the GI mucosa (Table 1 ). In total, 212 biopsies were evaluated encompassing 33 samples of oesophagus [proximal (n = 9), mid (n = 7) and in distal segment (n = 17)]; 42 of stomach [fundus (n = 13), corpus (n = 13) and antrum (n = 16)]; 42 of small intestine [bulb (n = 13), second segment of duodenum (D2, n = 13) and ileum (n = 16)]; and 95 of large intestine [caecum (n = 16), ascending (n = 16), transverse (n = 14), descending (n = 15) and sigmoid colon (n = 17) and rectum (n = 17)].
Selection of areas and counting
After selection of the patients to be included in the study, we retrieved the haematoxylin and eosin histological slides of each patient to count the eosinophils. These slides were reviewed together with a pathologist (PC).
In each sample, four HPFs, all with representation of epithelium and lamina propria, were used for counting the eosinophils. In the oesophagus, the representation of the lamina propria was very scarce and the counting was performed in the squamous epithelium. In the stomach, counting was performed separately in the superficial and deep lamina propria. Images were taken with the Olympus BX 43 microscope (camera Olympus DP73) to obtain high-quality digital colour images of the areas to be counted. Each image representing an HPF (400×), corresponding to an area of 0.245 mm 2 , was used to count eosinophils. Counting was conducted manually with ImageJ software (National Institutes of Health) that counts the clicks on each eosinophil (Cell Counter plugin). ImageJ was used by two observers, in a double-blind setting. Subsequently, data were compared and reviewed by a senior pathologist (FC). Eosinophils were counted separately within the epithelium (intraepithelial) and in the lamina propria. Eosinophils were counted if there was an identifiable portion of the nucleus present along with associated granules. Inflammatory cells within blood vessels, in Peyer's patch or other large lymphoid aggregates were not quantified in this analysis. Eosinophils were counted on each one of the four images obtained from each sample, added up to get a total that corresponds to the number of eosinophils in four HPFs (equivalent to an area of 0.98 mm 
Statistical methods
Mean ± standard deviation, minimum and maximum counts were calculated for all evaluated segments using SPSS software (IBM® SPSS® Statistics, version 25). The results in each location are summarised in Tables 2 and 3 . The peak count represents the highest density of eosinophils observed in each GI segment. Because all data were nonparametric, the Mann-Whitney test was used in the comparative analysis. A p value < 0.05 was considered to be statistically significant. In the current study, we presented the results in eosinophils/mm 2 as used in the recent studies in the literature. However, for the comparison with other studies, we calculated also the mean density of eosinophils/HPF (Tables 2 and 3) .
Results
Patient characteristics
A total of 33 paediatric patients (21 females and 12 males) were included in our study. The mean age was 14.6 ± 3.4 years. The most common reason for endoscopy was dyspepsia (n = 11) and some of the symptoms were observed together (diarrhoea and abdominal pain were both present in 3 patients). The most common final diagnosis was functional dyspepsia (FD, n = 10). In 12 cases, GI pathology was excluded.
Oesophagus
Eosinophils were uniformly absent in the epithelium along all samples of the three topographic locations (n = 33). The F female, M male, AP abdominal pain, EGIP exclusion of gastrointestinal pathology, IBS Irritable Bowel Syndrome, IDA iron deficiency anaemia, PE proximal oesophagus, ME mid oesophagus, DE distal oesophagus, F fundus, Cp corpus, A antrum, B bulb, D2 second segment of duodenum, I ileum, C caecum, AC ascending colon, TC transverse colon, DC descending colon, SC sigmoid colon, R rectum results in the oesophagus were considered as a single topography.
Stomach
Samples from the fundus (n = 13), corpus (n = 13), and antrum (n = 16) were used for counting, and the density of eosinophils was evaluated, separately, in the superficial and deep lamina propria. Results are presented in Table 2 . The mean eosinophilic density was higher in the deep lamina propria in all gastric locations and significantly higher in the antrum (superficial, 0.7 ± 1.7/mm 2 ; deep, 7.8 ± 12.4/mm 2 ; p = 0.021). In each location, the distribution of eosinophils was irregular and present in a variable number of samples [fundus: superficial (n = 7) and deep (n = 4); corpus: superficial (n = 2) and deep (n = 1); antrum: superficial (n = 4) and deep (n = 10)]. Eosinophils were uniformly absent in the epithelium of all gastric biopsies.
Small intestine
Biopsies from the bulb (n = 13) revealed a mean density of 18.1 ± 17.0/mm 2 in the lamina propria and a peak count of 50 eosinophils/mm 2 . The mean number of eosinophils/mm 2 present in the epithelium was 0.9 ± 2.0, with a peak count of 7. Eosinophilic density in the lamina propria of D2 (n = 13) was 14.4 ± 12.0/mm 2 , with 1.4 ± 2.1/mm 2 in the epithelium. The peak count observed in this segment was 42/mm 2 in the lamina propria and 7/mm 2 in the epithelium. Evaluation of biopsies from the ileum (n = 16) revealed a mean density of 51.5 ± 35.3/mm 2 with a peak count of 111/mm 2 in the lamina propria. The number of eosinophils in the ileum was variable with a range of 3 to 111/mm 2 . Intraepithelial eosinophils ranged from 0 to 9/mm 2 with a mean value of 3.4 ± 2.9/mm 2 . 
Large intestine
In the caecum (n = 16), the mean number and the peak count of eosinophils in the lamina propria (51.8 ± 33.5 and 125/ mm 2 , respectively) were the highest among all evaluated segments of the large intestine. In the ascending colon (n = 16), we observed a mean value of 40.9 ± 27.4/mm 2 with a peak count of 88/mm 2 . In the transverse colon (n = 14), the mean density of eosinophils was 34.3 ± 21.9/mm 2 with a peak count of 69/mm 2 . In the descending colon (n = 15), the D2 second segment of duodenum, N/A not applicable . Finally, in the rectum (n = 17), the mean eosinophilic density was 13.9 ± 10.1/mm 2 with a peak count of 44/mm 2 . The number of eosinophils in the large intestine was variable as observed in the ileum. In the caecum, eosinophil counting ranged from 2 to 125/mm 2 in the lamina propria. In the other segments of the lower GI, we observed also a wide range of values, though with a lower peak count (Table 2) .
Regarding the intraepithelial eosinophils in the lower GI, caecum was the segment with the highest eosinophilic density (4.2 ± 3.7/mm 2 ) and a peak count of 13/mm 2 . In the other colorectal segments, the mean density was 3.0 ± 3.0/mm 2 in the ascending; 3.0 ± 3.1/mm 2 in the transverse; 3.0 ± 2.7/mm 2 in the descending; 2.3 ± 2.3/mm 2 in the sigmoid; and 1.8 ± 2.4/mm 2 in the rectum.
Effect of FGIDs in the number of eosinophils
FGID was the final diagnosis in 21 of the patients included in this study. Specifically, IBS was the final diagnosis in 6 patients and the 15 remaining patients were classified as other FGIDs. This group comprised FD (n = 10), functional constipation (n = 3), functional abdominal pain (n = 1), and functional dysphagia (n = 1). We compared the mean eosinophilic density between the FGID and the EGIP (cases with exclusion of GI pathology) groups using the Mann Whitney test. The mean number of eosinophils in the lamina propria was the only parameter compared between the groups with the exclusion of the oesophagus. Table 3 shows the mean number of eosinophils (per mm 2 and per HPF) in each group and p values of the comparisons between the groups. The paired data did not reveal significant differences in the evaluated segments of the GI tract between FGID and EGIP groups. We performed a sub-analysis comparing FD and EGIP and significant differences were not found. Similar findings were obtained in the comparison of IBS and EGIP groups. Further, in the stomach, there was no statistical difference between the two groups regarding the mean number of eosinophils in the superficial and deep lamina propria (data not shown). Figure 2 shows the range of eosinophil countings per location in FGIDs and EGIP patients.
Discussion
EGIDs are a global growing concern which still faces limitations regarding its proper diagnosis. In most segments of the GI tract, there is no consensus on specific limits for normality regarding the number of eosinophils. The scattered published data addressing the normal content of eosinophils along different segments of the GI tract includes reports in children [7] [8] [9] [10] and in adults [11, 12] . As such, our goal was to determine the eosinophil content of the normal digestive mucosa in a paediatric population and to expand the scarce data available for each GI segment.
We observed that eosinophils are primarily present in the lamina propria and not in the epithelium. These findings were consistent with previously published data [8] .
In the oesophagus, we measured the content of eosinophils in the epithelium of the proximal, mid and distal locations, and have not identified eosinophils in any of the them. These findings are consistent with those reported by DeBrosse et al. [8] .
In the stomach, we evaluated, separately, the content of eosinophils in the superficial and deep lamina propria. Our results showed higher densities of eosinophils in the deep lamina propria and this difference was significant in the antrum. Our results are consistent with the findings of DeBrosse et al. [8] . Furthermore, we observed that in the corpus, the distribution of eosinophils was similar in the superficial and deep zones of the lamina propria, while it was heterogeneous in the fundus and the antrum. In the latter we observed the highest number of samples (10/16) with eosinophils localised in the deep lamina propria. In the duodenum, small and large intestine, the range of eosinophil counts observed in our study was comparable with previously published data [8, 9] . Globally, the number of eosinophils increased from the oesophagus to the caecum and gradually decreased in the large intestine, in line with the results from other studies [8] [9] [10] , and also described in a recent meta-analysis [13] . However, in the present study, the mean eosinophilic density in the bulb and in the descending colon was higher than in D2 and in the transverse colon, respectively, though differences were not significant (data not shown). The differences that we and others [8] [9] [10] observed in the small and large intestine show that a one-fits-all number may not be the best option for defining the limits of normality.
In the present study, we analysed, separately, the mean eosinophilic density in FGIDs and EGIP groups. In our population, the mean density of eosinophils was not statistically different between the two groups in all topographic locations.
A recent meta-analysis, encompassing studies in adults and children, a globally increased eosinophilic density was observed in the stomach and duodenum of individuals with FD compared with healthy controls [14] . However, the results showed that, in three of four studies performed in children, no differences were observed regarding the number of eosinophils in the stomach between the two groups [15] [16] [17] . Furthermore, in two reports evaluating the content of eosinophils in the duodenum of children, no differences were found between the two groups in one of the studies [18] . Interestingly, in a sub-group analysis of two studies [15, 17] evaluating individuals with documented absence of Helicobacter pylori infection, gastric eosinophilic counts were no longer elevated in those with FD compared to the controls [14] . In our study, none of the children was infected with Helicobacter pylori, which may contribute to the lack of differences between FGIDs and EGIP in our study group.
Of note, as histopathological criteria of most forms of EGIDs remain undefined [19] , the cut-offs used for defining eosinophilic infiltration in the GI tract may vary according to the local experience of the paediatric pathologist. In a recent study, a cut-off of 20 eosinophils/HPF was proposed to distinguish between normal mucosa and eosinophilic infiltration in the duodenum [20] . We compared this threshold with the mean eosinophilic density used for the identification of tissue eosinophilia in several studies of FD patients and verified that, in four studies [18, [21] [22] [23] , the mean eosinophilic densities were lower than 20 eosinophils/HPF. These results clearly show the lack of homogeneity in the criteria used in different studies, with an impact on the respective conclusions, with overestimation of GI eosinophilia.
These shortcomings are highlighted in a recent metaanalysis evaluating the eosinophil counts in the small intestine and colon of children without apparent GI diseases, encompassing nine publications including patients with FGDIs [13] .
We did not consider the seasonal variation in the number of eosinophils in our study, as reported by Polydorides et al. [24] . Their data described an increase in the number of eosinophils in colonic samples obtained between April and May. However, the relationship between allergen exposure and colonic eosinophilia was not significant. Another study concluded for no seasonal effect in the number of eosinophils [25] .
We dismissed the geographic variation as reported previously by Pascal et al [26] . Geographic variations in the number of eosinophils can be expected because allergy or parasitosis, recognisable causes of tissue eosinophilia [27] , might differ between countries. In the current study we used the clinical database of a Portuguese hospital. Several studies were conducted in various regions of Portugal to access the prevalence of GI parasitosis between 1970 and 1990 [28, 29] . These studies showed a significant decrease in the prevalence of all GI parasites, due to the improvement in health care and generalised chemoprophylaxis of GI parasitosis. More recent studies reported comparable results [30, 31] . We can therefore assume that, currently, parasitosis in Portugal is not a significant cause of GI eosinophilia that might bias our results.
We acknowledge that our study has some limitations, namely the sample size. However, one should be aware that, from a clinical point of view, collecting tissue samples from healthy children is extremely difficult and the criteria for endoscopic procedures are very strict. Furthermore, we excluded cases in which Helicobacter pylori infection was identified, thus decreasing the putative target population, as the infection is still quite prevalent in Portugal [32] . However, we believe that the data herein reported provide a baseline count and distribution of eosinophils in the GI tract of paediatric patients with normal histological features, contributing to the evaluation of children with suspected EGIDs. Since consensus diagnostic cut-offs are not yet available, larger scale studies based on strict clinical and methodological criteria are needed to establish the normal eosinophilic density in the different segments of the GI tract.
